Abstract-The article describes basic study of broadband noise signal application in the investigation of materials. The aim is find a metrology method utilizable for the research on metamaterials in the frequency range of about 100 MHz to 10 GHz. The instrumental equipment and other requirements are presented. This research report provides an overview of the current potentialities in the described field and summarizes the aspects necessary for noise spectroscopy.
INTRODUCTION
In the complex investigation of material structures for the micro-wave application (tensor and composite character), the properties of materials are studied by means of the classic single-frequency methods, which bring about certain difficulties in the process [1] . In boundary changes with a size close to the wave-length there can occur wrong information concerning the examined objects [2, 3] . One of the possible ways of suppressing the negative sources of signals consists in the use of wideband signals like white noise, and in researching into the problem of absorption in the examined material [4] . These methods require a source of noise, a receiving and a transmitting antenna, and A/D conversion featuring a large bandwidth; for our purposes, the bandwidth ranged between 0 Hz and 10 GHz. Until recently it had not been possible to realize an A/D converter of the described speed, or devices with the above-mentioned bandwidth. Currently, high-end oscilloscopes are available with a sampling frequency of tens of Gsa/s.
NOISE SOURCE
For UWB systems, several methods of the generation of short pulses with large bandwidth have been developed to date [5] . However, these singly-iterative processes are not applicable for noise spectroscopy; in this respect, there is a need of a continuous source of noise signal (ideally of white noise) with the given bandwidth. The type of source referred to is currently being produced by certain manufacturers specialized in this field. Importantly, for the noise spectroscopy application we require a comparatively large output power of up to 0 dB/mW; the assumed bandwidth characteristics range up to 10 GHz. Nevertheless, at this point it is appropriate to mention the fact that there occurs the fundamental problem of finding active devices capable of performing signal amplification at this kind of high frequencies. As a matter of fact, our requirements are thus limited by the current status of technology used in the production of commercially available devices; the highest-ranking solution for the bandwidth of up to 10 GHz can be found only up to the maximum of 0 dB/mW.
Our response to the above-discussed problem consisted in an attempt to produce a noise generator in laboratory conditions as, in principle, this type of generator can be considered as sufficient for testing and basic measurement. In view of the price and availability of noise diodes we decided to apply thermal noise on electrical resistance as the basic source of noise. The specific connection is shown in Figure 1 . The first transistor is in the CC configuration, where we require mainly a high input impedance of the amplifier. The thermal noise at the input is given by its input parameters. The generator could operate even without a resistor at the transistor input, yet the unconnected input would cause a substantial deterioration of the stability. The second and the third transistors form a cascade voltage amplifier in the CE configuration. The output impedance of the third amplifier is 50 Ω for its matching to coaxial line. Figure 2 shows the realization of the tested noise generator; the BFP620 vf transistors were applied. This type of transistor features the characteristic of f t = 65 GHz and the maximum stable amplification of 11 dB at the frequency of 6 GHz. The overall amplification of the two CE amplifiers in cascade for the output power of 0 dB/mW would have to approximate the value of 10000, and there is no hf transistor available for this kind of stable amplification. Therefore, for the stable noise generator we have to accept a lower output power. These types of pulses are randomly repeated within the time range of 10 to 30 µs. In the spectrum, they will upgrade the frequency range in the field of 20 MHz. In applying the low-pass filter we would obtain a signal that could be regarded as stochastic.
The last one of the described situations is given in Figures 3(e) and 3(f); this situation is related to the operating field with the maximum amplification adjustable for the transistor safe operation region. The third transistor already randomly passes between the conditions of "closed" and "open" and the linear operating region. The closing interval ranges from units of ns to several tens of ns. No matter how stochastic this type of signal may be, still it rather models extreme shot noise combined with coloured noise. Its spectrum is the densest and importantly, the most stable of all the situations. For all measurement, spectrum analyzers noise background was −60 dB/mW.
ANTENNA
The purpose of the transmitting antenna connected to the noise generator output is to form an electromagnetic wave. As a matter of fact, in the field of noise we indeed have to consider a whole spectrum of electromagnetic waves, and it is not possible to define the antenna proximity area. In addition to this, most principles or rules related to the configuration of antennas have to be regarded as void here. The electromagnetic wave is let to impinge on the investigated material and the reflected or partially absorbed wave is then received through the receiving antenna, to the output of which an oscilloscope has been connected. This type of measurement configuration can be seen in Figure 4(a) .
Both antennas ought to feature a large bandwidth with, if possible, constant amplitude and defined radiation pattern. In this respect, let us mention the fact that there exist approaches to the design of antennas that come close to the broadband requirements of noise spectroscopy. Suitable solutions include, for example, the spiral fractal antenna or the planar log-periodic antenna. The designed planar log-periodic antenna is applicable for transmission within the frequency range of between 100 MHz and 10 GHz; its real characteristics or qualities depend heavily on the quality of the design practical implementation. Figure 4(b) shows the realization of a planar log-periodic antenna. The numerical design was performed for currently available materials and its evaluation exhibited the undulating module frequency characteristics. The antenna realization experiments using the PCB showed, above all, troubled transmission at higher frequencies from 2 GHz and problematic modification of the feeder. Other antenna designs are directed towards applying the fractal spiral version on Figure 4(c) .
The experiments and spectroscopy tests will be performed in an anechoic laboratory. We have selected a system of complementing the Faraday cage shielding with absorbers of electromagnetic waves. The absorbers were designed for the range of 100 MHz-10 GHz with dampening below 35 dB. Thanks to the shielded and separated chamber, the external environment should not affect the internal part of measurement, and the complemented absorbers will enable us to lower foreign signals to a level of below −60 dB/mW. Thus, the measurement will not be affected by the outside environment of external electromagnetic sources like mobile phone and Wi-Fi network signals or stationary waves and reflection within the Faraday cage.
DIGITAL RECIVER
The process of sensing (scanning) has to be necessarily supported by a costly high-end digital oscilloscope featuring a bandwidth of around 10 GHz. Here, the limiting factor is clearly represented by the final price, unfortunately, it is not possible to realize this type of fast A/D converter using the researchers' own means and facilities. In the assessment of spectral properties of materials, the use of a spectral analyzer is normally a fully sufficient and financially effective method. This method, however, can not be utilized for the assessment of a system via the input-output technique, for the correlation analysis, or for other techniques utilizing the measured signal waveform.
CONCLUSION
The research paper provides an elementary overview and description of laboratory equipment for the realization of noise spectroscopy measurement. In the text, it is generally noted that the search of an applicable source of noise will be markedly problematic in terms of the output power, which is normally low for broadband applications. Yet it is also noted that, for the laboratory tasks, considerably lower values of transmission power are sufficient for broadband systems in comparison with their "narrowband" counterparts. The designing of a broadband antenna is, to a great extent, an uneasy-to-solve problem, and the requirements placed on the width of the antenna transmitted band are very intensive. Another parameter to be mentioned in this respect is the linear transmission characteristics depending on the frequency. Noise spectroscopy for the frequency band of between 100 MHz and 10 GHz is realizable using the current means of technology.
